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Abstract
More than 80% of obese adolescents will become obese adults, and it is therefore important
to enhance insight into characteristics that underlie the development and maintenance of
overweight and obesity at a young age. The current study is the first to focus on attentional
biases towards rewarding and punishing cues as potentially important factors. Participants
were young adolescents (N = 607) who were followed from the age of 13 until the age of 19,
and completed a motivational game indexing the attentional bias to general cues of reward
and punishment. Additionally, self-reported reward and punishment sensitivity was mea-
sured. This study showed that attentional biases to cues that signal reward or punishment
and self-reported reward and punishment sensitivity were not related to body mass index or
the change in body mass index over six years in adolescents. Thus, attentional bias to cues
of reward and cues of punishment, and self-reported reward and punishment sensitivity, do
not seem to be crucial factors in the development and maintenance of overweight and obe-
sity in adolescents. Exploratory analyses of the current study suggest that the amount of
effort to gain reward and to avoid punishment may play a role in the development and main-
tenance of overweight and obesity. However, since the effort measure was a construct
based on face validity and has not been properly validated, more studies are necessary
before firm conclusions can be drawn.
Introduction
Overweight and obesity are growing problems in today’s society. Both increase the risk of
developing several diseases, and are related to lower life satisfaction [1]. Between 1980 and
2008, the global prevalence of overweight increased by almost 40% and the prevalence of obe-
sity by nearly 100% [2]. Although overweight and obesity are less common in adolescents than
in adults, studies indicate that the prevalence of overweight and obesity in this group is increas-
ing even faster than in adults [3,4]. Since more than 80% of obese adolescents will become
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obese adults [5], it is important to intervene at a young age. However, current interventions
aimed at weight reduction suffer from high rates of drop-out [6] and relapse after weight loss
[7,8]. Enhancing insight into the factors underlying the development and maintenance of over-
weight and obesity in adolescents represents a crucial starting point for improving existing
interventions. In the current study we focus on attentional biases towards rewarding and pun-
ishing cues as potentially important factors.
The idea that an attentional bias to rewarding cues might be involved in overeating stems
from the incentive sensitization theory, which was originally proposed as a theory of addiction
[9]. According to this theory, repeated associations of substance use and the experience of
reward result in the selective processing of reward-related information (i.e., attentional bias)
[10]. Specific cues that predict reward (e.g., the sight of a substance) will, through associative
conditioning, become salient and attention grabbing. This results in an attentional bias—crav-
ing cycle: an attentional bias for cues of substances elicits craving, and craving in turn triggers
attentional biases (e.g., by increasing the salience of cues). This process is thought to increase
the likelihood of the actual use of a substance, thereby playing an important role in the devel-
opment and maintenance of substance use. In line with this theory there is ample evidence that
individuals who use or misuse addictive substances show an attentional bias to these substances
[11]. Individuals who are sensitive to rewarding cues in general might be more likely to develop
an attentional bias to specific rewarding cues. Indeed, an attentional bias to general cues of
reward was found to be positively related to substance use [12,13], and predictive of the
increase of illicit drug use over a period of three years [14]. Drugs and food can both be consid-
ered to be rewarding substances [15], and the brain reward circuitries of substance users and
overweight/obese individuals have been found to deviate from the reward circuitries of healthy
controls in comparable ways [16]. Therefore, an attentional bias to rewarding cues might not
only be involved in substance misuse but might also play a role in the development and mainte-
nance of overweight/obesity. Following this, the major aim of this study is to investigate
whether an attentional bias to general cues of reward is related to body mass index (BMI) in
adolescence. Moreover by taking a longitudinal approach and following these adolescents for
six years, it can be examined whether this attentional bias is predictive of changes in BMI. In
the current study an attentional bias to general cues of reward will be indexed with a motivated
game designed in the format of the spatial orientation task (SOT)[17], that was previously suc-
cessfully used in the context of substance use and addiction [12–14].
An attentional bias to cues of reward has been suggested to be behavioral output of the indi-
viduals’ reward system [18,19]. This reward system, also known as the behavioral activation
system, is a brain system which is thought to respond to rewarding cues in the environment
with increased attention and approach behavior. Individuals who are sensitive to reward are
therefore more inclined to have attention for, and respond with approach behavior in situa-
tions that are associated with appetitive or rewarding stimuli. Self-report measures of the sensi-
tivity of this reward system have been studied in relation to overweight/obesity, yet findings are
equivocal. Individuals with overweight/obesity were not found to report more sensitivity to
reward than healthy weight individuals in a number of studies [20–22]. Correlational studies
investigating the relationship between reward sensitivity and individuals’ BMI have shown a
positive linear relationship [23], a negative linear relationship [24], and an inverted-u relation-
ship, in which a positive relationship was found in the normal and overweight BMI range and a
negative relationship in the moderate and extreme obese BMI ranges [24,25]. Methodological
differences, such as the choice of questionnaire or subscale, and age differences across studies
might partly explain the inconsistent findings. Yet more importantly, a limitation of previous
studies is the use of self-report measures. Self-report questionnaires measure individuals’
beliefs about their behavior instead of their actual behavior. Discrepancies between these beliefs
Attention for Reward & Punishment in Overweight/Obesity
PLOS ONE | DOI:10.1371/journal.pone.0157573 July 8, 2016 2 / 18
of Utrecht, the Radboud Medical Center Nijmegen,
and the Parnassia Psychiatric Institute, all in the
Netherlands. TRAILS has been financially supported
by various grants from the Netherlands Organization
for Scientific Research NWO (Medical Research
Council program Grant GB-MW 940–38-011; ZonMW
Brainpower Grant 100–001-004; ZonMw Risk
Behavior and Dependence Grants 60 – 60600-98 –
018, 60 – 60600-97–118 and 60 – 60600-97–202;
ZonMw Culture and Health Grant 261–98-710; Social
Sciences Council medium-sized investment Grants
GB-MaGW 480–01-006 and GB-MaGW 480–07-001;
Social Sciences Council project Grants GB-MaGW
457–03-018, GB-MaGW 452–04-314, and GB-
MaGW 452–06-004; NWO large-sized investment
Grant 175.010.2003.005); the SophiaFoundation for
Medical Research (projects 301 and 393), the Dutch
Ministry of Justice (WODC), the European Science
Foundation (EuroSTRESS project FP-006), and the
participating universities.
Competing Interests: The authors have declared
that no competing interests exist.
and actual behavior might arise due to, for example, individuals’ lack of insight into their own
behavior, or their inability to linguistically express their own tendencies [26]. Therefore, we
have decided to use a behavioral measure in the current study to examine the potential relation
between sensitivity of the reward system and overweight/obesity. To address the possibility
that part of the inconsistencies in previous findings may be attributed to the type of measures
that were used, we complemented the behavioral measure with a self-report measure of reward
sensitivity.
In addition to heightened attention to cues of reward, lowered attention to cues of punish-
ment might also play a role in appetitive behavior. Attention to cues of punishment has been
suggested to be behavioral output of an individuals’ punishment system [18,19]. This punish-
ment system (i.e., flight-fight-freeze system), is a brain system which responds to punishing
cues in the environment with increased attention and avoidance behavior [19]. A heightened
sensitivity to punishment could potentially help individuals to restrict their food intake, since
these individuals would be more sensitive to the aversive outcomes of overeating (e.g., becom-
ing overweight or obese). It has been suggested that punishment sensitivity might therefore set
individuals at risk for developing eating disorders such as anorexia nervosa [27,28]. In contrast,
a lowered sensitivity to punishment might set individuals at risk for overeating. Although self-
reported punishment sensitivity has not been found to be related to BMI [22,29], an attentional
bias to general cues of punishment has not yet been studied in relation to overweight/obesity.
Therefore, the second goal of the current study is to investigate the relation between an atten-
tional bias towards cues of punishment and BMI. Also for punishment sensitivity, the behav-
ioral measure will be complemented with a self-report measure of punishment sensitivity.
Attentional biases are considered to be automatic processes [11], and therefore uninten-
tional. Not only these automatic processes, but also more intentional reward and punishment
related processes may play a role in the development and maintenance of overweight and obe-
sity. Therefore, the last goal of the current study is to explore whether individuals with over-
weight/obesity put more effort into rewarding than into punishing parts of the behavioral task.
The amount of effort put into the task is thought to be more under the participants’ own con-
trol (i.e., one can choose how much effort one invests into the task). We expect that individuals
who are more willing to put effort into the part of the task where they can receive a reward,
than into the part where they can avoid getting punished would be at risk for overeating and
thus for a heightened BMI.
To sum up, this study tests whether in a community cohort of adolescents, (1) there is a pos-
itive relation between the strength of an attentional bias to general cues of reward and BMI,
and a negative relation between the strength of an attentional bias to general cues of punish-
ment and BMI, (2) a relatively strong attentional bias to general cues of reward, and a relatively
weak attentional bias to general cues of punishment, is predictive of change in BMI over a six
year period, (3) self-reported reward sensitivity is positively, and self-reported punishment sen-
sitivity is negatively related to BMI, (4) relatively high self-reported reward sensitivity and rela-
tively low self-reported punishment sensitivity is predictive of change in BMI over a six year
period, and lastly whether (5) greater effort during rewarding parts of a game compared to the
effort during punishing parts of the game is positively related to BMI, and predictive of change
in BMI over a six year period.
Method
Participants
Participants of the TRacking Adolescents’ Individual Lives Survey (TRAILS) were included in
the current study. TRAILS is a large prospective population study of Dutch adolescents from
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five northern municipalities (both rural and urban areas) in the Netherlands. The TRAILS
cohort consists of children born between 1 October 1989 and 30 September 1990 (two northern
municipalities), and children born between 1 October 1990 and 30 September 1991 (remaining
three northern municipalities). A total of 2230 children were included in TRAILS at baseline,
which took place fromMarch 2001 through July 2002 [30, 31]. All adolescents and their
parents gave written informed consent.
The current study reports on data from the second (T2), third (T3) and fourth (T4) assess-
ment waves [32]. During T2, which ran from September 2003 to December 2004, 2,149 adoles-
cents participated (96.4% of the initial sample). During T3, which ran from September 2005 to
August 2007, 1,816 adolescents participated (81.4% of the initial sample). T4 ran from October
2008 to September 2010, and 1,881 adolescents participated (84.3% of the initial sample). Dur-
ing T3 a series of laboratory tasks were performed on top of the general assessments. The spa-
tial orientation task (SOT) was the first of these laboratory tasks. For the laboratory tasks a
focus group of 744 participants was invited, of which 715 (96%) agreed to participate. Adoles-
cents with a high risk of mental health problems were overrepresented in this focus group.
High risk was defined based on temperament (high frustration and fearfulness, low effortful
control), lifetime parental psychopathology (depression, anxiety, addiction, antisocial behavior
or psychoses), and/or living in a single parent family. Of the focus cohort 66.2% had at least
one of these risk factors. The remaining 33.8% were randomly selected from the low-risk
TRAILS participants (See S1 Table for the distribution of participants across the different risk
profiles and how these risk factors were measured). It is possible to represent the TRAILS dis-
tribution in this focus cohort by means of sampling weights [30].
For the current study two selections were made. First, individuals with self-reported reward
and punishment sensitivity data (T 2) as well as age, height and weight on T2, T3, and T4 (to
calculate adjusted-BMI) were selected (N = 1306, 51.2% females). Secondly, individuals who
participated in the behavioral measure of reward and punishment sensitivity (T3), and with
age, height and weight available on T2, T3 and T4 (to calculate adjusted-BMI) were selected.
Of the initial 715 participants who participated in the laboratory tasks (including the SOT),
two participants had incomplete SOT data, and of 106 participants adjusted BMI at T 2, T3,
and/or T4, could not be calculated for, resulting in a sample of 607 participants (53.8%
females). In summary, for the analyses on the self-report data we will report on 1,306 partici-
pants, and for the behavioral measure we will report on data of 607 participants. Table 1 gives
an overview of the characteristics of the samples.
Table 1. Sample characteristics.
Self-report sample (N = 1306)
M (SD) or percentage
T2 T3 T4
Age 13.51 (0.52) 16.21 (0.66) 19.00 (0.57)
Adjusted BMI 101.00 (15.82) 105.32 (15.61) 108.47 (17.94)
Behavioral measure sample (N = 610)*
M (SD) or percentage
T2 T3 T4
Age 13.49 (0.51) 16.13 (0.59) 18.95 (0.53)
Adjusted BMI 101.29 (16.08) 105.90 (15.98) 109.26 (18.87)
Note.
* The sample size reported reflects the weighted sample size. Adjusted BMI = ((actual BMI/Percentile 50 of
BMI for age and gender) x 100).
doi:10.1371/journal.pone.0157573.t001
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Measures
Body Mass Index. At each assessment wave height and weight of the participants were
measured by means of a standardized measurement procedure. At T4, four participants had
self-reported weight, and one participant had self-reported height and weight. Since BMI
(weight/height2) in children changes substantially with age, an age related cut-off score is nec-
essary to make BMI of adolescents comparable to each other and comparable over several
years [33]. Therefore, the adjusted BMI was calculated ((actual BMI/Percentile 50 of BMI for
age and gender) x 100). The 50th percentile of BMI for age and gender was obtained from the
Netherlands Organization for Applied Scientific Research [34]. Adjusted BMI scores between
85% and 120% were considered as normal weight, smaller than 85% as underweight, larger
than 120% as overweight, and larger than 140% as obese [35]. Table 2 shows the prevalence of
underweight, normal weight, overweight, and obesity in the self-report and behavioral measure
sample, during T2, T3, and T4.
Self-reported reward and punishment sensitivity. The Dutch translation of the BIS/BAS
was used [36]. This questionnaire measures reward (BAS) and punishment (BIS) sensitivity.
The BAS has three subscales; drive, fun seeking, and reward responsiveness. The questionnaire
has 20 items which are scored on a four-point Likert scale from “very true for me” to “very false
for me”. In the current study the BIS (e.g., “Criticism or scolding hurts me quite a bit”), which
consists of eight items, the BAS- reward responsiveness (e.g., “When I am doing well at some-
thing, I love to keep at it”), which consists of five items, and the BAS- drive (e.g., “I go out of
my way to get things I want”), will be reported. Subscale scores are the average scores of the rel-
evant items. For individuals who missed a maximum of one item per subscale the mean score
of the subscale was still calculated based on the remaining items (less than 1.0% of the cases).
There was one participant who missed more than one item and was therefore excluded from
the analyses. The subscales had acceptable internal reliability as is often found for the BIS/BAS
subscales (Cronbach's alpha of 0.68, 0.62, and 0.63 respectively).
Spatial Orientation Task. The SOT [17] was developed to explore to what extent individ-
uals direct and hold their attention to places of reward or punishment. It represents a multifac-
eted task in which participants respond to single targets with a button press (the “b” key on the
keyboard) as soon as they detect it. The target is preceded by a valid or invalid cue (displayed
Table 2. Prevalence of underweight, overweight and obese during wave 2, wave 3 and wave 4.
Self-report (BIS/BAS) sample (N = 1306)
T2 T3 T4
Underweight 10.2% 2.8% 2.6%
Normal weight 80.0% 84.5% 78.8%
Overweight 7.0% 9.6% 13.0%
Obese 2.8% 3.1% 5.6%
Behavioral measure (SOT) sample (N = 610)*
T2 T3 T4
Underweight 11.4% 3.0% 2.8%
Normal weight 77.5% 83.7% 78.2%
Overweight 8.4% 10.0% 12.3%
Obese 2.7% 3.3% 6.8%
Note.
* The sample size reported reflects the weighted sample size.
doi:10.1371/journal.pone.0157573.t002
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for 250 ms (short delay), or 500 ms (long delay)), which has predictive value for the chance of a
positive (reward or non-punishment) or a negative (punishment or non-reward) outcome. All
different facets of the task will be discussed in detail below.
Procedure. Participants performed the task on an Intel Pentium 4 CPU computer with a
Philips Brilliance 190 P monitor. The task was run by E-prime software version 1.1 (Psychology
Software Tools Inc., Pittsburgh, Pennsylvania). Participants were seated 50 cm away from the
screen and responses were collected on the computer’s keyboard.
Throughout the task two black bars were displayed, one on the right and one on the left side
of the screen, against a white background. These bars marked the location of the cue and the
target. In between these two bars (i.e., in the middle of the screen) the current score was shown
in black throughout each trial. Participants were instructed to focus on this score during the
game. Signaling the start of a new trial, the current score disappeared from the screen for 200
ms after which it reappeared. After a 250 ms delay, a cue (see Stimuli) replaced one of the two
black bars. Then, after a delay of either 250 or 500 ms, the target (a small grey rectangle)
appeared either centered within the cue (cued trial), or centered within the remaining black bar
on the other side of the screen (uncued trial). In some trials no target appeared (catch trials),
and participants were supposed not to respond with a button press during these trials. The pre-
sentation of the cue for either 250 or 500 ms provides the opportunity to examine the relative
importance of both automatic and more voluntary attentional processes [17]. After 500 ms (or
1000 ms on catch trials) participants were presented with a feedback signal (see Stimuli) below
the score in the middle of the screen and the two black bars were reinstated removing the cue
and the target from the screen. After another 250 ms the score was updated (if changed) (see
Scoring) and the new trial started after a randomly selected intertrial interval of either 500 or
1000 ms. The score was set to zero at the beginning of each block (See S1 Fig and [13]).
The task consisted of two different types of blocks. During winning games participants
could win 10 points on trials at which they responded sufficiently fast (see Scoring) and did not
gain points on trials at which they responded too slow. During losing games participants could
lose 10 points on trials on which they responded too slow and did not lose points on trials on
which they responded sufficiently fast. Regardless of the block, participants would lose 10
points if they responded inaccurately (i.e., before the target was shown or on catch trials). Fur-
thermore, participants were told at the beginning of the task that those with the highest scores
in the winning games would win an attractive prize (e.g., a balloon ride) and that having an
extremely low score on the losing games would result in having to redo the task until perfor-
mance was good enough. All participants started with two winning games, then continued
with two losing games followed by another two winning and two losing games. Each block con-
sisted of 32 cued trials (57%), 16 uncued trials (29%) and 8 catch trials (14%) in random order.
The test blocks were preceded by a winning and a losing practice block, which consisted of 6
cued, 6 uncued, and 2 catch trials.
Stimuli. The task includes two different cues that can precede the target; a blue arrow point-
ing upwards and a red arrow pointing downwards. Participants were told that the blue cue
would signal that responding fast to the target appearing in that location would be easy since it
would result in a fast enough response 75% of the time. Responding fast to the target in the
uncued location in such a trial however would be hard and would result in an insufficiently fast
response 75% of the time. Furthermore, participants were told that the red cue would signal
that responding fast to the target appearing in that location (cued trial) would be hard since it
would result in an insufficiently fast response 75% of the time. Whereas responding fast to the
target when it appeared in the location opposite to the cue would be easy since it would result
in a sufficiently fast response 75% of the time. Additionally, participants were informed that
cues indicated the probable location of the target, with 2/3 of the targets appearing in the cued
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location. Thus, in general the blue cue was a signal for a high chance of a fast enough response,
and the red cue was a signal for a high chance of a too slow response. Lastly, participants were
informed that there occasionally would be trials where no target appeared.
Both the blue upward arrow and the red downward arrow were used as a feedback signal as
well. Here, the blue arrow pointing upwards signaled a fast enough response on targeted trials
or a correct nonresponse on catch trials. The red arrow pointing downward signaled a too slow
response on targeted trials or an inappropriate response on catch trials.
Scoring. At the end of each game the participant’s median reaction time and standard devia-
tion was calculated to compute cutoffs for fast and slow responses in the following game of the
same type. For the first two practice blocks a fixed cutoff of 350 ms was used since no personal-
ized cutoffs were available for these blocks. During easy trials (cued blue or uncued red)
responses were labeled sufficiently fast when they were faster than participant’s median reac-
tion time plus 0.55 times the standard deviation. During hard trials (uncued blue or cued red)
responses were labeled sufficiently fast when they were faster than participant’s median reac-
tion time minus 0.55 times the standard deviation. Further, since reaction times tend to be
about 25 ms slower after a short cue delay time then after a long cue delay time [17], 12 ms
were added to the median reaction time for short-delay trials and 12 ms were subtracted from
the median reaction time for long-delay trials (See Table 3 for an overview).
Procedure
The current study reports on data from a large prospective cohort study, and within the current
study a cross-sectional as well as a longitudinal approach were taken. The study was approved
by the Central Committee on Research Involving Human Subjects (CCMO). Length and
weight were measured during the regular assessments, which took place at the TRAILS offices.
The BIS/BAS questionnaire was part of the regular assessment taking place at the TRAILS
offices at T2. Participants of the laboratory tests were tested at selected locations in their town
of residence, in a sound-attenuating room with blinded windows. In order to optimize stan-
dardization of the experimental session, test-assistants received extensive training. A detailed
overview of the procedure is provided in Fig 1.
Data reduction attentional biases
The SOT data were analyzed following van Hemel-Ruiter et al. [13,14], who analyzed these
data in their study on reward related-attentional bias and substance use. We differentiated
Table 3. Overview of trials of the spatial orientation task.
Cue Target Odds Cue delay time Cutoff for fast response1 Correction for cue delay time Anticipated outcome
Blue Cued 2/3 250 ms Median RT + 0.55 SD + 12 ms 75% chance of positive outcome
Cued 2/3 500 ms Median RT + 0.55 SD – 12 ms 75% chance of positive outcome
Uncued 1/3 250 ms Median RT– 0.55 SD + 12 ms 75% chance of negative outcome
Uncued 1/3 500 ms Median RT– 0.55 SD – 12 ms 75% chance of negative outcome
Red Cued 2/3 250 ms Median RT– 0.55 SD + 12 ms 75% chance of negative outcome
Cued 2/3 500 ms Median RT– 0.55 SD – 12 ms 75% chance of negative outcome
Uncued 1/3 250 ms Median RT + 0.55 SD + 12 ms 75% chance of positive outcome
Uncued 1/3 500 ms Median RT + 0.55 SD – 12 ms 75% chance of positive outcome
Note. RT = reaction time 1 Since the cutoff score is calculated relative to performance, this is not expected to influence performance of some individuals
differently than performance of others.
doi:10.1371/journal.pone.0157573.t003
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between the winning and losing games of the SOT in the current study, because sensitivity for
reward might differ in its relevance for overweight/obesity from non-punishment, as might
sensitivity to punishment from non-reward. Furthermore, reward was emphasized during the
winning games (possibility to win points during the game and to win an attractive prize), and
punishment was emphasized during the losing games (possibility to lose points during the
game and to have to redo the task until performance is good enough). Thus at the start of the
game the reward cue was already a more salient cue than the non-punishment cue, and the
punishment cue a more salient cue than the non-reward cue. Therefore, the reaction times of
the winning games were used as measurement of attentional bias to reward, and reaction times
during the losing games as measurement of attentional bias to punishment.
Individuals are found to respond faster to targets that appear in a location to which they are
attending to [37]. Therefore, facilitated engagement to reward is inferred when on winning
games (emphasis on reward) participants responded faster to targets that appeared in a loca-
tion that was preceded by a blue cue (signaling high chance of reward) than in a location that
was preceded by a red cue (signaling a high chance of non-reward). Thus, when they attended
more to rewarding than to non-rewarding cues. Analogously, facilitated engagement to punish-
ment is inferred when on losing games (emphasis on punishment) participants responded
faster to targets that appeared in a location that was preceded by a red cue (signaling high
chance of punishment) than to targets that appeared in a location that was preceded by a blue
Fig 1. Study design and participant flow.
doi:10.1371/journal.pone.0157573.g001
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cue (signaling a high chance of non-punishment). Thus when they attended more to punishing
than to non-punishing cues.
Difficulty to disengage from reward is inferred when participants had more difficulty to
look away from rewarding cues than from non-rewarding cues. Thus, when during winning
games, individuals responded slower to uncued targets preceded by a blue cue (signaling high
chance of reward) than to uncued targets preceded by a red cue (signaling high chance of non-
reward). Analogously, difficulty to disengage from punishment is inferred when participants
had more difficulty to look away from punishing cues than from non-punishing cues. Thus,
when on losing games individuals were faster to respond to uncued targets preceded by a red
cue (signaling high chance of punishment) than to uncued targets preceded by a blue cue (sig-
naling high chance of non-punishment). The attentional bias scores were calculated according
to these derivations, separately for the short (250 ms) and long (500 ms) cue delay time (see
Table 4).
Furthermore, we exploratory examined whether a relative measure of overall speed of
responses on the winning games compared to losing games was related to BMI. Overall speed
was calculated by averaging reaction times of all trials (cued, uncued, short cue delay time, and
long cue delay time) of the winning and losing games separately. The mean reaction time of the
winning games then was subtracted from the mean of the losing games, providing the differ-
ence in effort participants put in the winning and losing games. Higher scores on this measure
reflect relatively high effort during the games with potential reward. Since the speed of the
responses might change over the course of the game, for example due to a learning effect or
decreased motivation, effort scores were calculated separately for the first half and the second
half of the game.
Statistical analyses
1. Firstly, the relation between the attentional bias indices and BMI was examined. As a first
step bivariate correlation analyses were performed to see whether attentional bias measures
correlate with adjusted BMI at T2, T3, T4, and with the adjusted-BMI-change variables.
Change in adjusted BMI was calculated by subtracting adjusted BMI at T2 from adjusted
BMI at T3; T3 from T4, and T2 from T4. To test whether attentional biases to reward and
punishment cues were related to BMI, or to the change in adjusted BMI, a multiple regres-
sion analysis was performed with BMI as dependent variable and attentional bias scores as
independent variables.
2. Secondly, the relation between self-reported reward and punishment sensitivity and BMI
was examined. Again, as a first step bivariate correlational analyses were performed to see
Table 4. Calculation of attentional biases to reward and punishment.
Game Bias Calculation Interpretation Cue delay time
Winning Attentional mean RT cued red trials – high score = high 250 ms Automatic
game engagement mean RT cued blue trials AB to reward 500 ms Voluntary
Difficulty to mean RT uncued blue trials– high score = high 250 ms Automatic
disengage mean RT uncued red trials AB to reward 500 ms Voluntary
Losing Attentional mean RT cued blue trials– high score = high 250 ms Automatic
game engagement mean RT cued red trials AB to punishment 500 ms Voluntary
Difficulty to mean RT uncued red trials– high score = high 250 ms Automatic
disengage mean RT uncued blue trials AB to punishment 500 ms Voluntary
Note. RT = reaction time, AB = attentional bias.
doi:10.1371/journal.pone.0157573.t004
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whether BIS, and the subscales BAS-Reward responsiveness and BAS-Drive are related to
adjusted BMI and change in adjusted BMI. To test whether self-report reward and punish-
ment sensitivity are related to BMI, or change in adjusted BMI, a multiple regression analy-
sis was performed with BMI as dependent variable and BIS, BAS-Reward responsiveness
and BAS-Drive as independent variables.
3. Lastly, we examined the relationship between the effort score and BMI. Bivariate correlation
analyses were performed to examine whether these effort scores (of the first and second half
separately) correlate with adjusted BMI and change in adjusted-BMI. To test whether the
effort scores indeed represent relatively independent constructs, bivariate correlational anal-
yses were performed between the effort scores and the attentional bias scores.
Results
Descriptive statistics
BMI. A bivariate correlational analysis on adjusted BMI and adjusted BMI change scores (See
S2 Table) showed that individuals with a relatively high BMI at T2, had a relatively high BMI at
T3 and T4 (r = 0.84, p< 0.001 and r = 0.75, p< 0.001), and individuals with a relatively high
BMI at T3 also had a relatively high BMI at T4 (r = 0.86, p< 0.001). Individuals with a rela-
tively high increase in BMI between T2 and T3, and T2 and T4, had a relatively low BMI at T2
(r = -0.30, p< 0.001 and r = -0.20, p< 0.001). Furthermore, individuals with a relatively high
increase in BMI between T3 and T4, had a relatively high BMI at T4 (r = 0.49, p< 0.001),
whereas BMI at T2 and T3 did not predict change in BMI between T3 and T4.
SOT. Trials on which participants responded before the target appeared were removed. This
resulted in the deletion of 8.3% of the trials. Trials during which participants did not respond
to the target were also deleted. This resulted in an additional deletion of 3.3% of the trials.
Lastly, reaction times below 125 ms, which were most likely anticipation errors, were deleted
[13]. This resulted in deletion of an additional 8.5% of the remaining trials. The mean reaction
times for each trial type (easy cue/hard cue & cued/uncued) and game type (positive & nega-
tive) were calculated after deletion of these outliers, and are shown in Table 5.
Table 6 shows the mean reaction times on winning games, the mean reaction time on losing
games, and the mean effort score for the complete game, and the first and second half of the
game separately. A paired t-test showed that in general participants were faster on losing
games than on winning games (95% CI [-11.23; -7.97]). This difference was also found when
investigating the first half of the game (95% CI [-15.75; -10.97]), and the second half of the
Table 5. Mean reaction times and standard deviations of the Spatial Orientation Task.
Cued Uncued
Blue Red Blue Red
Short cue delay time (250 ms)
WG 333 (40) 364 (47) 465 (89) 467 (88)
LG 326 (44) 355 (51) 453 (87) 455 (93)
Long cue delay time (500 ms)
WG 340 (57) 377 (67) 380 (76) 375 (72)
LG 329 (58) 363 (68) 378 (80) 371 (75)
Note. N = 610. The sample size reported reflects the weighted sample size. WG = winning game, LG = losing
game.
doi:10.1371/journal.pone.0157573.t005
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game (95% CI [-7.93; -3.75]) separately. Correlational analyses to test whether effort and atten-
tional bias indeed represent relatively independent constructs showed that effort during the
first half of the game was negatively related to attentional engagement to punishment on the
long delay trials (r = -0.11, p<0.01), but not related to any of the other attentional bias mea-
sures. Effort during the second half of the game was not related to any of the attentional bias
measures.
Task design check
Participants were faster on cued blue than cued red trials for both winning and losing games
irrespective of the cue delay time (Table 7). This reflects a general engagement effect; a prefer-
ence to direct attention to cues that predict reward or non-punishment compared to cues that
predict punishment and non-reward. Thus, in line with the task design, participants showed a
generally enhanced attentional engagement to stimuli signaling reward and non-punishment.
Furthermore, participants were slower on uncued blue trials than uncued red trials on long cue
delay time trials, indicating a general difficulty to disengage from reward and non-punishment.
Table 6. Mean reaction times on positive and negative games, and effort scores of the Spatial Orienta-
tion Task, and separately for the first and the second half of the task.
RT SD
Complete task Winning games 375.54 48.72
Losing games 365.94 48.60
Effort (Losing–Winning) -9.60 20.45
First half of the task Winning games 391.76 51.26
Losing games 378.40 52.35
Effort (Losing–Winning) -13.36 30.02
Second half of the task Winning games 359.32 51.63
Losing games 353.49 49.93
Effort (Losing–Winning) -5.84 26.28
Note. N = 609, The sample size reported reflects the weighted sample size.
doi:10.1371/journal.pone.0157573.t006
Table 7. Differences between blue and red cue trials, separately for all trial types (losing vs. winning game, cued vs. uncued, short delay vs. long
delay).
99% Confidence Interval of the Difference
Calculation Lower bound Upper bound p
Short cue delay time (250 ms)
WG Attentional engagement Cued red–cued blue 27.60 34.43 < 0.001*
Difficulty to disengage Uncued red–uncued blue -4.35 8.57 0.398
LG Attentional engagement Cued red–cued blue 25.06 32.30 < 0.001*
Difficulty to disengage Uncued red–uncued blue -3.94 9.74 0.274
Long cue delay time (500 ms)
WG Attentional engagement Cued red–cued blue 31.40 41.49 < 0.001*
Difficulty to disengage Uncued red–uncued blue -11.21 0.35 0.016
LG Attentional engagement Cued red–cued blue 28.59 39.32 < 0.001*
Difficulty to disengage Uncued red–uncued blue -13.08 -0.58 0.005*
Note. N = 610. The sample size reported reflects the weighted sample size, WG = winning game, LG = losing game
* α < .01 corrected for multiple tests.
doi:10.1371/journal.pone.0157573.t007
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This difference was not found for short cue delay time trials. Thus, participants were generally
faster to disengage from cues predictive of punishment and non-reward than from cues predic-
tive of reward and non-punishment when they had more time to control their attention (long
cue delay time trials; Table 7).
(1) Relation between attentional biases to cues signaling reward and
punishment and adjusted BMI and change in adjusted BMI over time
None of the attentional bias scores were related to adjusted BMI at T2, T3 or T4, nor to changes
in adjusted BMI over time (all r< 0.06; p> 0.16). Since an increase in BMI for underweight
participants could be considered healthy behaviour, and the processes underlying this increase
in BMI might differ from the processes that are related to becoming overweight/ obese, the
analyses was repeated after excluding participants who were underweight (N = 80). Yet, exclud-
ing these cases did not change results. A regression analysis to test whether the attentional bias
scores predict BMI or BMI change was therefore not executed.
Lastly, bivariate correlation analyses were performed separate for boys and girls to ensure
that the lack of relation was not due to gender differences. For girls no relation was found
between the attentional bias scores and Adjusted BMI at T2, T3 or T4, nor the changes in
adjusted BMI over time. For boys engagement towards punishment on the short delay trials
was significantly related to change in BMI between T2 and T3 (r = -0.17; p< 0.01). Yet, after
performing a correction for multiple testing this finding did not reach significance. Addition-
ally, it does not seem to be a robust finding since engagement towards punishment on the
short delay trial was not related to change in BMI between T3 and T4 or between T2 and T4.
(2) Relation between self-report measures of reward and punishment
sensitivity and adjusted BMI and change in adjusted BMI over time
None of the adjusted BMI, or adjusted BMI change variables were related to the reward or pun-
ishment sensitivity measures (all r< 0.05; p> 0.10). Excluding underweight participants did
not change this finding, nor were there gender differences. A regression analyses to test
whether self-reported reward or punishment sensitivity predicts BMI or BMI change was
therefore not executed.
(3) Relation between effort on rewarding versus punishing games in
relation to adjusted BMI and change in adjusted BMI over time
Table 8 shows that a higher BMI at T2, T3, and T4 was positively related to effort during the
first half of the game. Thus, during the first half of the game, individuals with a higher BMI
showed a relatively large difference in speed between the winning games and losing games.
Additionally, effort during the first half of the game was significantly related to change in
adjusted BMI between T2 and T3 (r = 0.08, p< 0.05), and marginally significantly related to
Table 8. Bivariate correlations of adjusted-BMI and self-report reward and punishment sensitivity.
AdjustedBMI T2 Adjusted BMI T3 Adjusted BMI T4 BMI change T3-T2 BMI change T4-T3 BMI change T4-T2
Effort first half 0.09* 0.13** 0.12** 0.09* 0.02 0.08
Effort second half 0.02 -0.01 -0.05 -0.02 -0.08* -0.08
Note. N = 609, The sample size reported reflects the weighted sample size.
* p < 0.05
** p < 0.01.
doi:10.1371/journal.pone.0157573.t008
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change in adjusted BMI between T2 and T4 (r = 0.08, p = 0.06). No significant relation was
found between effort during the first half of the game and change in adjusted BMI between T3
and T4. Effort during the second half of the game was negatively related to change in adjusted
BMI between T3 and T4 (r = -0.08, p< 0.05), and marginally significantly related to change in
adjusted BMI between T2 and T4 (r = -0.08, p = 0.05).
The relation between effort and BMI could be due to relatively fast responses during the
winning games and/or relatively slow responses during the losing games. Therefore, we subse-
quently computed bivariate correlations between BMI and the mean reaction times on winning
and losing games separately. BMI at T2, T3, and T4 were significantly related to response
speed during losing games of the first half of the game (r = 0.08, p< 0.05; r = 0.10, p< 0.02 &
r = 0.13, p< 0.01, respectively), but not to response speed during winning games (r = 0.03,
p = 0.44; r = 0.03, p = 0.52 & r = 0.06, p = 0.15). Thus, the positive association between effort
score during the first part of the game and adjusted BMI at T2, T3 and T4 seems to be
explained by relatively slow responses during losing games. Increase in adjusted BMI between
T2 and T4 was also associated with slow responses during losing games (r = 0.09, p< 0.02),
but not with fast responses during winning games (r = 0.05, p = 0.22). Change in BMI between
T2 and T3 was not significantly related to reaction times during winning or losing games
(r = 0.04, p = 0.31 & r = -0.01, p = 0.79, respectively). Change in adjusted BMI between T3 and
T4 was significantly related to relatively fast responses during the winning games (r = 0.11,
p< 0.01), and not to the speed of responses during the losing games (r = 0.07, p = 0.09) during
the second part of the game.
Discussion
This study investigated the relationship between attentional biases towards general cues of
reward or punishment and overweight/obesity. In addition, we investigated the relationship
between self-reported reward and punishment sensitivity and overweight/obesity. Finally, we
explored the relationship between overweight/obesity and a performance measure indicating
the amount of effort invested into obtaining reward and avoiding punishment. The major
results of this study can be summarized as follows: in a community cohort of adolescents, (1)
attentional biases for general cues of reward and punishment (attentional engagement and dif-
ficulty to disengage) were not related to BMI, or to change in BMI over time; (2) self-reported
reward and punishment sensitivity were not related to BMI, or change in BMI over time; and
(3) a negative relation was found between BMI and the effort that was put in the games with a
high chance of receiving punishment.
The first aim of the current study was to investigate the relation between an attentional bias
to general cues of reward and BMI. The findings did not corroborate our hypothesis that a rela-
tively strong attentional bias to general cues of reward would be related to a relatively high
BMI, or to a relatively large increase in BMI over the six years follow up. An additional aim was
to enhance our insight into the relation between self-reported reward sensitivity and BMI since
earlier findings were inconsistent, ranging from no relation to a positive, negative, or an
inverted-u relationship [23–25]. In the current study self-reported reward sensitivity (reward
responsiveness as well as reward drive) was also not related to the onset or maintenance of
overweight and obesity. Thus, the current findings cast doubt on the relevance of attentional
bias to general cues of reward and self-reported reward sensitivity as factors in determining
BMI in adolescence.
A potential methodological explanation for not finding a relation between our behavioral
measure and BMI might be that the SOT [17] is not an appropriate measure of reward related
attention. However, the SOT is a validated task, and attentional biases as indexed with the SOT
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have been linked to reward related processes before [17]. Furthermore, task performance was
in line with the design of the task, and the attentional biases, as indexed by the SOT, have been
shown to be sensitive to individual differences in for example alcohol and drug use [12–14].
Additionally, not only with the behavioral measure, but also with the self-report measures no
relationship was found. Thus, the chosen operationalization does not seem to be the most plau-
sible explanation for the absence of a relationship between general reward sensitivity and BMI.
Another potential explanation for not finding a relationship could be that there was too little
power to find an effect. However, the power of the analyses on the behavioral measure (i.e.,
with the smallest sample) was already very high (71% for finding very small effects), and even
when manually increasing the power to 93% (to find small effect, i.e., r = 0.10) no significant
results were found. In other words, we can conclude with a high level of certainty that an atten-
tional bias to general cues of reward, and self-reported reward sensitivity, are not related to
BMI or the change in BMI over six years in an adolescent sample.
The reward circuitries of substance users and overweight/obese individuals have been found
to deviate from the reward circuitry of healthy controls in comparable ways (e.g., 16). An atten-
tional bias to general cues of reward, and self-reported reward sensitivity were found to be posi-
tively related to substance use [13,14,38]. Yet, in the current study we did not find such a
relationship between attentional bias to reward, or self-reported reward sensitivity, and BMI.
One explanation could be that increased attention for general cues of reward and/or self-
reported reward sensitivity are indeed related to overeating, but that compensatory behaviors
blurred the relationship between attentional biases, and self-reported reward sensitivity, and
BMI. Studies on the relation between addiction and reward sensitivity use substance use as out-
come measure. However, studies on the relation between overeating and reward sensitivity typ-
ically rely on BMI as the long-term effect of overeating. Although BMI is of course largely
influenced by individuals' eating behavior, overeating is not the sole predictor of one's future
BMI. Overweight/obesity typically results from an imbalance between energy intake and
energy usage [39]. This implies that changes in energy usage (e.g. by exercise) also influences
BMI. In addition, genetic make-up and metabolic deviations impact BMI [40]. Therefore, it
might be that an attentional bias to general cues of reward, or self-reported reward sensitivity,
is related to overeating, while this is not reflected in BMI due to other factors (independent of
reward sensitivity) that also have an impact on BMI. This would imply that even though the
attentional bias to general cues of reward might be related to overeating, it is not crucial for the
development of overweight and obesity. In line with this explanation, a prior study showed
that high and low reward sensitive children indeed differed in eating behavior, but not in
BMI [41].
The present study also showed that attentional bias to general cues of punishment and self-
reported punishment sensitivity were not related to BMI, or change in BMI over six years. This
finding was not in line with our expectation that overweight individuals would direct less atten-
tion to cues of punishment, and report less sensitivity to punishment. Rather, the current find-
ings seem to indicate that an attentional bias to general cues of punishment and general
punishment sensitivity are not related to the development or maintenance of overweight/obe-
sity. Sensitivity to punishing cues has not received much attention in research on the develop-
ment and maintenance of overweight/obesity. The two studies conducted thus far relied on
self-reports and failed as well to find a relationship between punishment sensitivity and BMI
[22,29]. Yet, when healthy weight individuals (mean BMI = 22.32) were compared with obese
individuals (mean BMI = 30.84) and individuals with binge eating disorder (mean
BMI = 38.71) separately, it was found that obese individuals reported lower levels of punish-
ment sensitivity, and individuals with binge eating disorder higher levels of punishment sensi-
tivity than the healthy weight participants [22]. Since both the obese individuals and the binge
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eating disorder patients had a higher BMI than the healthy weight participants, differences in
punishment sensitivity were potentially masked in the correlational analyses. This implies that
even though the attentional bias to general cues of punishment might be related to specific
forms of overeating, it does not play a crucial role in the development and maintenance of
overweight and obesity in general.
Finally, we explored whether the relative effort invested into the winning compared to the
losing games was related to BMI. This effort score is assumed to be an index of a more deliber-
ate expression of reward and punishment sensitivity. As expected, the exploratory analyses
demonstrated that individuals with a higher BMI showed on average greater differences in
reaction time speed between the winning and the losing games than individuals with a lower
BMI. This difference seemed to be mainly due to individuals with a higher BMI responding
slower on losing games than individuals with a lower BMI. Thus, it seems that individuals with
a higher BMI were less inclined to work hard to avoid potential punishment. This might mean
that individuals with a higher BMI are less influenced by potential punishment than individu-
als with a lower BMI. Additionally, an increase in BMI between the age of approximately 13
and 19 was related to relatively high effort during the games with a potential reward. Thus indi-
viduals who will gain in BMI over the period of six years are more willing to put effort into
receive reward.
The current study has many strengths. It is the first study to investigate attentional biases to
general cues of reward and punishment in the context of overweight and obesity. Further, a
cross-sectional as well as longitudinal approach was taken, providing the opportunity to test
the prognostic value of these attentional biases and the alleged prognostic value of self-reported
reward and punishment sensitivity in the development of overweight and obesity. In addition,
the sample size of the current study was relatively large which reduced the sensitivity for chance
findings and enhanced the sensitivity to reliably detect even small effects. Even though the
study has many strengths, there are also some limitations that should be taken into account
when interpreting the results. First of all, it is important to acknowledge that the behavioral
task and the self-report measure were not administered at the same time point. Thus, even
though reward and punishment sensitivity are considered traits that are more or less constant,
strong conclusions about the relation between the outcomes related to the behavioral measure
and the self-report measure cannot be made based solely on the current study. Secondly, there
was a fixed order of winning and losing games. Therefore, the cause of the larger difference in
reaction time speed between the winning and the losing games should be made with caution.
Additionally, since the effort measure was a construct based on face validity and has not been
properly validated, more studies are necessary before firm conclusions can be drawn. It might
for example be that individuals with overweight are not less motivated to avoid punishment,
but freeze when there is the chance of receiving punishment.
Conclusion
The aim of this study was to enhance insight into the characteristics underlying the develop-
ment and maintenance of overweight and obesity. It was found that in adolescents, attentional
biases to cues that signal reward or punishment and self-reported reward and punishment sen-
sitivity were not related to BMI or change in BMI over six years. Although it might be that
these characteristics play a role in overeating in general and binge eating specifically, these
characteristics do not seem to play a crucial role in the development and maintenance of over-
weight and obesity in adolescents. The current study shows that individuals with a higher BMI
seem to put less effort into the avoidance of punishment compared to individuals with a lower
BMI, and that relatively high effort to gain reward is related to an increase in BMI between the
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age of 13 and 19. Future studies should further examine more intentional reward and punish-
ment-related processes as potential factors that play a role in the development and mainte-
nance of overweight and obesity.
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